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HETERO-MACROCYCLIC COMPOUND COATED 
ON THE SURFACE OF SOLID 

DETAILED DESCRIPTION OF THE 
INVENTION 

It has heretofore been known that a hetero-macrocy 
clic compound has various speci?c properties such as 
selective capture of cation, solubilization of inorganic 
salts or alkali metals in an organic solvent and catalysis 
for various organic reactions owing its complexation 
ability by holding a cation into a cavity of hetero-mac 
rocyclic molecule. 

In view of the above, many researches have been 
developing for various application ?elds such as or 
ganic synthesis, polymer synthesis, resolutions of opti 
cal isomers, capture and separation of metal ions, analy 
sis, ion-selective electrodes, agricultural chemicals and 
medicines, etc. 
However, for practical use there are some dif?culties, 

for example, when a hetero-macrocyclic compound is 
employed as a catalyst for an organic synthesis, it is 
difficult to recover it completely from reaction system. 
Further, when a hetero-macrocyclic compound is em 
ployed as an adsorbent for metal ions, it is difficult to 
recover the hetero-macrocyclic compounds completely 
because of its solubility for various solvents. 
To overcome the aforementioned disadvantages, pol 

ymerization of the monomer containing hetero-macro 
cyclic compound has been tried. Feigenbaum et al pre 
pared a polyamide ?lm formed from the polycondensa 
tion product of diamino-dibenzo-l8-crown-6 and isoph 
thaloyl chloride. They measured the adsorption ability 
of the polyamide ?lm for alkali metal and alkali earth 
cations. (J. Polymer Science Vol. 9, R817, 1971) 

Furthermore, L. W. Frost described a polymeric 
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membrane formed from the reaction product of 40 
diaminodiaryl-macrocyclic polyether and dianhydride 
compound. (US. Pat. No. 3,956,136) 
However, we found that the best means to unsolubl 

ize a hetero-macrocyclic compound as well as to 
heighten the capacity of adsorption is to use a solid 
(carrier) which holds the resin in a state covering the 
surface of the solid (carrier) or in an impregnated state. 

It is an object of the invention to insolublize the hete 
ro-macrocyclic compound. 

It is another object of the invention to heighten the 
capacity of adsorption of hetero-macrocyclic com 
pound. 

It is another object of the invention to provide an 
economical method for the selective separation of cati 
ons such as those of elements belonged in I, ll, Lantha 
nides, and Actinides group of the periodic table, and 
Pb’r 1‘ and RN+H3, Nl-I4+. 

In the invention, heteromacrocyclic compound 
coated on the surface of solid (carrier) is obtained by 
reaction between (a) hetero-macrocyclic compound 
having at least one amino group and (b) a compound 
selected from the group of an epoxy compound and 
isocyanate compound on the surface of the solid (car 
rier). 

Iletero-macrocyclic compound having at least one 
amino group has the following structure: 
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lent aromatic or alicyclic hydrocarbon, or hetero-cyclic 
radical such as 

RHNQ, RHNQ. 

RHN , RHN , ' 

N N - 

l 
R 

RHN 

or —N 

RHN 

(wherein R is H or a hydrocarbon radical having 1 to 10 
carbon atoms); Y is an amino- or alkylamino-substituted 
aromatic or alicyclic hydrocarbon or heterocyclic radi~ 
cal, —CI'I2—CI'I2—, ' i I 

f1 U N’ O!‘ 0 , 

Ll, L2, L3 and L4 are independently —O——, —S——, or 
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(R is a hydrocarbon radical having 1 to 10 carbon In the invention, epoxy compound’ is de?ned to a 
atoms); p and q are independently 2 or 3; r is l, 2 or 3; compound which have at least one epoxy group 
and m and n are independently from 1 to 7. 
The followings are typical examples of hetero-macro 

cyclic compound having at least one amino- or alkyl- 5 . i \c C/ 
amino group: ( / \ / \) 

O 

o‘ ‘o/\ 
“?g O, 

0 OJ \__/ 

0 0 o 

HZN‘QK NlHz v 0 O O 

0 0 0 0 

HZNO NH2, 0 0 o 0 

0 0 0 

HZNQ Nll-lz, 0 0 0 

\_/ \__/ 

In the invention epoxy compound or isocyanate com 
pound is employed as a reactive matrix, because they ' 
have a superior adhesive property to the surface of the ‘ in the molecule. The followings are typical examples of 
various solid (carrier), as well as a superior chemical the epoxy compound: 

(‘3H3 (‘3H3 
CH2—CH—CHZ{-O—©—C—©—O-CH2—CH2—CHI-]7,—O—©—C—©—O—CH2—CH—CH2 , \ / l l l \ / 

0 CH3 0H CH3 0 

resistant and water resisting property to the others. (wherein n = 0 to 12) 

p143 ', fa; 
Cl-h-CH-Cl-h-O-l-O-C—-<:>—O—CH2—CHZ—CH2—}TO—<:>—C—<:>—O—CH2—CH — (3H2 \ / | I l \ / 

0 CH3 0H CH3 0 

(wherein n = O to 12) 



CH2 CH2 

(wherein n = 0 to 12) 

N N 

O L I O C 
4 N / To 0 | 

CH2—CH — CH2 
\ / 

wherein n = 1 to 10, and m = l to 10, 
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-continued 

CPI-CH2 
\ / 

O O 

O O 

In the invention, isocyanate compound is de?ned to a 
compound having at least one isocyanate group. The 
followings are typical examples of the isocyanate com 
pound: phenyl diisocyanate, toluylene diisocyanate 
(TDI), TDI-dimer, TDI-trimer, diphenylme 
thanediisocyanate (MDI), O-tolydinediisocyanate, 
xylenediisocyanate, hexamethylenediisocyanate (HDI), 
HDI-dimer, HDI-trimer, and isocyanate terminated 
polyalcohol, polyester, polyether, or polybutadieneg 
lycol. . 

In the invention, solid (carrier) is selected from the 
group consisting of metal, glass, ceramic, alumina, sil 
ica, diatomaceous earth, carbon, sand, clay, and natural 
and synthetic polymer such as cellulose, agalose, 
polyaminoacid, polystyrene, polyamide, polyester, 
polyacrylonitrile being various in form such as powder, 
granule, ?ber, cloth, net, ?lm (membrane), boad, lump, 
et al. The form or shape of the solid (carrier) is selected 
to meet a use. 

In the invention, the method to coat the surface of the 
solid (carrier) with the reaction mixture of (a) hetero 
macrocyclic compound having at least one amino 
group and (b) epoxy compound or isocyanate com 
pound is shown as follows: 
The solid is dipped in the solution of (a) and dried. 

Secondarily, the solid is dipped in the solution of (b) and 
dried. Then, the solid is cured at 10 to 200° C. for 30 
min. to 3 hours. In the above method, the order of (a) 
and (b) can be reversed, and dipping is substituted for 
spraying or painting by paint-brush, etc. Further, the 
solid can be dipped in the solution of both (a) and (b). 
However, in this case the gelation of the solution must 
be taken care of. 

In the invention, it is preferable to use a solvent in 
order to disperse a hetero-macrocyclic compound on 
the surface of the solid and to make a thin layer of 
reaction mixture between (a) and (b). For example, 
N,N-dimethylformamide, dimethylsulfoxide or acetoni 
trile is employed as a solvent for (a), and benzene, tolu 
ene, chloroform, methanol, carbontetrachloride or 1,2 
dichloroethane is employed as a solvent for (b). 
The concentration of (a) in the solvent is selected in 

CH cu 
ll \ 
ca, 0 

/ 
CH2 

wherein n = 1 to 100, n’ = l to 20, m = l to 100, and 60 
m’ = 1 to 20, 

0 
ll 

CH2—0—C 
0 

CH3 H3C 

65 

the range of 0.1 to 50 weight %, preferably 0.5 to 10 
weight %. And the concentration of (b) in the solvent is 
selected in the range of 0.1 to 80 weight %, preferably 
1.0 to 30 weight %. It is preferable to remove the sol 
vent in the thin layer as much as possible before curing. 
The thin layer consisting of reaction mixture of (a) 

and (b) on the surface of the solid (carrier) should be 
produced in order to contain (a) at a desired amount of 
0.001 to 30 weight %, preferably 0.01 to 10 weight % to 
the solid (carrier), and to have a thickness of layer in the 
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range of l to 30p, preferably 5 to 20p. And for these 
purpose, the solutions of (a) or/and (b) is preferably 
prepared in concentration as above mentioned. 

Hetero-macrocyclic compound thin coated on the 
surface of the solid is insoluble and has an increased 
capacity of adsorption and can selectively adsorb the 
various cations such as the elements which belong in the 
I, II, Lanthanides or Actinides of the periodic table, 
lead and RN+H3, wherein R represents hydrogen or a 
hydrocarbon group having 1 to 10 carbon atoms, in 
accordance with the cavity size of hetero-macrocyclic 
molecule. For example, the separation of potassium ions 
from a solution containing potassium ions and sodium 
ions is carried out by the simple operation such as col 
umn adsorption. The separation of strontium ions from 
calcium ions is also carried out by simple operation. 
Further, selective adsorption of uranyl ion and uranus 
ion from the other elements is economically carried out. 
And, when hetero-macrocyclic compound coated on 

the surface of the solid is employed as a catalyst of an 
organic reaction, separation of the catalyst from the 
reaction mixture can be carried out easily by means of 
?ltration without loss of the catalyst, further, thus the 
recovered catalyst can be employed repeatedly without 
any treatment such as reactivation. 
The effects of the present invention will be shown in 

the following Examples and Tests. All quantities de 
scribed in this speci?cation and the appended claims as 
“%” or “parts” refer to “% by weight” or “parts by 
weight” unless expressly stated otherwise. 

EXAMPLE 1 

Preparation of a hetero-macrocyclic compound 
coated on the surface of alumina particle with a epoxy 
resin; 

In a 200 ml egg-plant type ?ask was placed 21.4 g of 
powdered alumina (200-300 mesh) and a solution of 1.1 
g (3.1 m mole) of epoxy compounds (bisphenol type, 
M.W.z355, epoxide value: 182 to 194, liquid at R.T.) in 
40 ml of chloroform. The ?ask was attached to a rotary 
evaporator and the solvent was evaporated. Then a 
solution of 500 mg (1.3 m mole) of diaminodibenzo-IS 
crown-6 in 20 ml of dimethylforrnamide (DMF) was 
added and the solvent was removed in vacuo. After the 
solvent was removed, the alumina powder was stirred 
at 150° C. for 3 hours to harden the epoxy resin on the 
surface. The powder was washed with chloroform and 
dried in vacuo at 80° C. for 3 hours. 22.9 g of light 
yellow powder of almina was obtained. 

Specific gravity: 0.66 
(wt% of hetero-macrocyclic compound: 2.2%) 

EXAMPLE 2 

In a 200 ml egg-plant type ?ask was placed 36.0 g of 
powdered silicagel (100-200 mesh) and a solution of 2.0 
g (4.6 m mole) of epoxy compound (polyphenol type 
M.W.=432, epoxide value: 180-190, liquid at R.T.) in 50 
ml of benzene. The flask was placed at a rotary evapora 
tor and benzene was evaporated. A solution of 1.0 g (2.1 
m mole) of diaminodibenzo-24-crown-8-polyether in 30 
ml of acetonitrile was added and the solvent was re 
moved similarly. Then the powdered silicagel was 
stirred at 160° C. for 3 hours to harden the epoxy resin 
on the surface of silicagel. The powdered silicagel was 
washed with benzene and dried in vacuo at 80° C. for 3 
hours. 38.8 of light yellow powder of silicagel was 
obtained. 

Speci?c gravity: 0.52 
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(wt% of hetero-macrocyclic compound: 2.6%) 

EXAMPLE 3 

In a 500 ml egg-plant type ?ask was placed 25.0 g of 
diatomaceous earth (200-300 mesh) and a solution of 1.3 
g (2.5 m mole) of epoxy compound (polybutadiene type, 
M.W.=530, epoxide value: about 150, liquid at R.T.) in 
40 ml of ethylenedichloride. The ?ask was attached to a 
rotary evaporator and the solvent was evaporated. A 
solution of 400 mg (1.2 m mole) of diaminodibenzo-l4 
crown-4- polyether in 20 ml of chloroform was added 
and the solvent was removed similarly. Then the pow 
der was stirred at 120° C. for 3 hours to harden the 
epoxy resin on the surface of diatomaceous earth. The 
powder was washed with ethylenedichloride and dried 
in vacuo at 80° C. for 3 hours. 26.2 g of diatomaceous 
earth coated with epoxy resin containing 1.5 wt% of 
hetero-macrocyclic compound was obtained. 

Speci?c gravity: 0.20 

EXAMPLE 4 

In a 300 ml egg-plant type ?ask was placed 50.0 g of 
polystyrene beads (1% DVB-bridged, 200 to 300 mesh) 
and a solution of 2.2 g of epoxy compound (the same as 
Example 1) in 80 ml of methanol. The ?ask was at 
tached to a rotary evaporator and the solvent was evap 
orated. A solution of 1.1 g (2.8 m mole) of 4,4’ 
diaminodipyridino-20-crown-6-polyether in 40 ml of 
DMF was added and the solvent was removed in 
vacuo. Then the polystyrene beads was stirred at 80° C. 
for 4 hours to harden to epoxy resin on the surface of 
beads. The beads was washed with methanol and dried 
in vacuo at 60° C. for 3 hours. 53.0 g of polystyrene 
beads coated epoxy resin containing 2.1 wt% of hetero 
macrocyclic compound was obtained. 

Speci?c gravity: 0.82 

EXAMPLE 5 

In a 3 l round-bottomed ?ask was placed 100 g of 
glass wool and a solution of 20 g (60 m mole) of epoxy 
compound (the same as Example 1) in 400 ml of ben 
zene. After the solvent was removed by evaporation, a 
solution of 10.0 g (26 m mole) of diaminodibenzo-l8 
crown-6-polyether in 400 ml of DMF was added and 
the solvent was evaporated in vacuo. 

After the glass wool was heated at 150° C. for 3 hours 
in air bath, washed with methanol and dried at 80° C. in 
vacuo. 

130 g of glass wool coated with epoxy resin contain 
ing 7.7 wt% of heteromacrocyclic compound was ob 
tained. 

EXAMPLE 6 

In a 1 liter round-bottomed ?ask was placed 300 g 
(845 m mole) of epoxy compound (the sameas Example 
1) and 150 g (384 m mole) of diaminodibenzo-l8-crown 
6-polyether and stirred at 130°-140° C. When the vis 
cosity of the mixture increased, some portion of viscous 
liquid was put on the (a) stainless steel net (300 mesh, 30 
X 100 cm), (b) porous plate of vinyl chloride (diameter 
of porosity: 0.5 mm, 1 mm X 30 cm X 30 cm) and was 
coated with doctor blade. 
The stainless net (a) was dried at 150° C. for 3 hours 

and porous plate (b) was dried at 80° C. for 5 hours to 
harden the epoxy resin layer. 
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TEST 1 

Metal ion trapping ability of powdered solid of EK~ 
ample l to 3 by the following method: 1.0 g of pow 
dered solid of Example 1 to 3 was added to 50 ml of an 
aqueous solution of a metal salt (metal ion concentra~ 
tion: 0.01 M/l) and stirred at 25° C. for 4 hours, and then 
?ltered. Metal ion concentration of the ?ltrate was 
measured by the use of uni-valent or di-valent ion selec 
tive electrode. Similarly, the value of the case of addi 
tion of hetero-macrocyclic compound only was mea 
sured for comparison. The results are shown in Table l. 
The results (Table 1) indicated that metal ion trap— 

ping ability of the hetero-macrocyclic compound 
coated on the surface of powdered solid with epoxy 
resin was superior to that of non~coated hetero~macro~ 
cyclic compound. 

TEST 2 

Separation of potassium ion from an aqueous solution 
of potassium ion and sodium ion 

1.0 g (2.7 m mole) of diarninodibenzo-l8-crown~6 
polyether was coated on the surface of 20.0 g of pow 
dered silicagel (200 to 300 mesh) with 2.0 g of epoxy 
compound (the same as Example 1) according to the 
method of Example 1. 

16.0 g of this powdered silicagel was packed with 
distilled water in a glass column (diameter 2.0 cm, ‘13.5 
cm long) and 50 ml of an aqueous solution mixture of 
sodium chloride and potassium chloride (5.0 X lO__3 
M/l of each ion concentration) was passed through at 
the rate of 8.5 ml/hr (SV=0.2), and then 150 ml of 
distilled water was passed through at the same rate. 
The concentration of sodium ion and potassium ion in 

each 10 ml fraction of effluent were measured by ion 
selective electrode. 
The results are shown in Table 2. 
As 99.6% of the initial charged amount of potassium 

ion was trapped, the effluent solution was almost an 
sodium chloride solution. 

TEST 3 

Separation of strontium ion from an aqueous solution 
of strontium ion and calcium ion 

10 ml of an aqueous solution mixture of strontium 
chloride and calcium chloride (Ca2+: 1.03 X l0_ZM/l, 
Sr”: 1.61 X l0_2M/l) was’passed through a glass 
column (d) = 1.2 X 27.3 cm) packed with 21.0 g of 
powdered silicagel of Test-2 and distilled water at the 
rate of 9.3 rnl/hr (SV = 0.3). Then 100 ml of distilled 
water was passed through at the same rate. The concen~ 
tration of strontium ion and calcium ion in each 10 ml 
fraction of effluent solution was measured by the use of 
atomic absorption spectroscopy. The results are shown 
in Table 3. 
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For strontium ion 99.7% of the initial charged 

amount was trapped and for calcium ion 21.1% was 
trapped. 
The effluent solution was almost calcium solution and 

strontium was hardly detected. 

TEST 4 

Separation of uranium from an aqueous solution of 
uranium and iron 

2.5 g (6.5 m mole) of diaminodibenzo-18-crown-6 
polyether was coated on the surface of 107.0 g of diato 
rnaceous earth (100 to 200 mesh) with 5.5 g of the epoxy 
compound (the same as Example l) according to the 
method of Example l. 

26.0 g of this diatomaceous earth was added to 100 ml 
of an aqueous solution containing 0.1 g/l of uranium, 
and stirred by a magnetic stirrer for 3 hours at room 
temperature. After ?ltration, the concentration of ura 
nium and iron in the ?ltrate was measured by the fluo 
rescence X-ray analysis. For uranium 75 weight % of 
the initial charge was trapped. But, for iron only 0.5 
weight % of the initial charge was trapped. 

TEST 5 

Separation of lead iron from an aqueous solution of 
lead ion and tinous ion 

10 ml of an aqueous solution mixture of lead chloride 
and tinous chloride (PbZ't; 1.05 X l0_3M/l, Sn“: 2.36 
X l0"'3M/l) was passed through a glass column (d) = 
l.2 X 27.3 cm) packed with 25.0 g of powdered silicagel 
of Test-2 and distilled water at the rate of 15.5 ml/hr 
(SV=0.5). Then 100 ml of distilled water was passed 
through at the same rate. The concentration of lead ion 
and tinous ion in each 10 ml of effluent fraction was 
measured by the use of atomic'absorption spectroscopy. 
The results are shown in Table 4. 
For lead ion 99.9% of the initial charged amount was 

trapped and for tinous ion 1.3% was trapped. The ef?u 
ent solution was almost tin solution. 

TEST 6 

Separation of mercuric ion from an aqueous solution 
of mercuric ion and zinc ion 

10 ml of an aqueous solution mixture of mercuric 
chloride and zinc chloride (HgZJF: 1.54 X l0_3M/l, 
Zn“: 2.36 X 10—3M/1) was passed through a glass 
column (q') = 1.2 X 27.3 cm) packed with 21.0 g of 
diatomaceous earth of Test 2 and distilled water at the 
rate of l4.3 nil/hr (SV=046). Then 100 ml of distilled 
water was passed through at the same rate. The concen 
tration of mercuric ion and zinc ion in each 10 ml of 
effluent fraction was determined by the use of atomic 
absorption spectroscopy. 
The results are shown in Table 5. 
For mercuric ion 98.7% of the initial charged amount 

was trapped and for zinc ion 1.8% was trapped. 
The effluent solution was almost zinc solution. 

Table 1 
No Sample Selectivity of trapped ion maximum amount of trapped metal 

1 Powdered solid of example 1 Kl‘ > Na+ > Ca2+ > Mgl'l' >Ba2+ > Lil’ K30: 0.34 m mole/g solid 
Ref. 1 non-coated clear trapping ability was K+z less than 0.001 m mole/ 

diaminodi‘uenzo'ill-crowned not detected. gsolid 
polyether _ ‘ 

2 Powdered solid of example 2 Hail >Ca27' >K+ >1‘Vlg2+ Bah‘: 0.28 m mole/g.solid 
Ref. 2 non-coated art >ca2+ Ba2+: 0.01 m mole/g solid 

diaminodibenZo-24—crown-8 
polyether v _ 

3 Powdered solid of example 3 Na’l' >_Li+ > >KT Na": 0.30 m mole/g.solid 
Ref. 3 non-coated clear trapping ability was 

diaminodibenzo-l4-crown-4~ not detected because of 




